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The process comprises mixing together finely 
divided quantities of Ti02 and B203 (or other metal 
boride precursors) to produce a precursor mixture, and 
then mixing the precursor mixture with at least one 
carbon-containing component to produce a carbon 
composite material that forms TiB2 (or other metal 
boride) in situ when exposed to molten aluminum or 
subjected to the heat of cell start-up and operation. 
The invention also relates to the carbon composite 
materials thus produced that may be used to form blocks 
(including side wall blocks) for the construction of 
cathode structures (or coatings for such blocks) or 
may be used to prepare joint-filling and coating 
compositions for use in aluminum reduction cells, or 
protective coatings for instruments used with molten 
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WETTABLE AND EROS ION /OX I DAT I ON -RESISTANT CARBON- COMPOSITE 
MATERIALS 

TECHNICAL FIELD 

5 

This invention relates to carbon- composite materials, - 
particularly of the type used to form cathodes or cell 
linings of electrolysis reduction cells, especially those 
used for the production of aluminum metal, as well as 
10 parts of such cathodes arid linings, and related products. 
More particularly, the invention relates to carbon 
composite materials that are erosion/ oxidation-resistant 
and, desirably, that are wettable by molten aluminum. 

15 BACKGROUND ART 

The cathodes of cells used for the production of aluminum 
generally take the form of a lining made of carbon 
blocks, or the like, positioned along the bottom wall and 

20 sides of an electrolysis cell. A typical electrolysis 
cell 10 is shown in Figs . 1 and 2 of the accompanying 
drawings. Where the surface 11 of the molten electrolyte 
12 contacts the sidewalls 14 of the cell, the cathode 15 
is often sloped as shown {this usually being referred to 

25 as the u monolithic slope" of the cell lining) to reduce 

cell erosion caused by magneto -hydrodynamic (MHD) effects 
that may create excessive metal motion. Conductive 
anodes (not shown) dip into the molten electrolyte from 
above to complete the electrode combination required for 

30 electrolysis. The cathodic lining 16 is conductive and 
contacts the molten electrolyte 12 and also the pool 17 
of molten metal as it is formed. Gaps 18 between the 
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blocks 20 used to form the cathodic cell lining , and 
wider gaps between the bottom blocks 20 and sidewall 
blocks 25 , are usually filled with a conductive cathode 
paste 21 (referred to as a ramming mix) that hardens when 

5 the cell 10 is heated during start-up. All of the 

materials used for these purposes should desirably be 
electrically conductive , refractory and also erosion 
resistant to reduce physical removal caused by flow of 
electrolyte past the surface of the material, as well as 

10 being corrosion resistant (i.e. able to withstand 
chemical attack) . 

In one form of the electrolysis cell, the cathode surface 
at the bottom of the cell slopes slightly downwardly 

15 towards a well or reservoir (not shown in the drawings) 
so that molten aluminum, as it is formed between the 
anode and cathode surfaces, drains off the cathode 
surface into the metal reservoir where it can be tapped 
from the cell. Cells of this kind are referred to as 

20 "drained cathode cells" and their advantage is that short 
interpolar distances can be employed to achieve a high 
current efficiency. For such cells to work properly, 
however, the cathode surface must be wettable by the 
molten metal so that a thin layer of metal covers the 

25 cathode surface at all times. Anthracite and graphite 
blocks, and other carbonaceous materials generally used 
for cathode formation in conventional cells, are not 
wettable by molten aluminum. Attempts have therefore 
been made to find materials that are wettable by aluminum 

30 and that may be used to form cathodes. 
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According to US patent 3,400,061 to R.A. Lewis et al., 
issued Septetnber 3, 1968 , wettable cathode surfaces can 
be formed from a composite cathode material comprising a 
mixture of refractory hard substance and at least about 
5 5V carbon. Powdered titanium boride (TiB 2 ) has been a 

preferred refractory hard material for such applications, 
although other ceramic powders such as silicon carbide, 
alumina, etc., may also be used. The carbon component is 
often anthracite with coal tar pitch as a binder. 

10 

TiB 2 is also used in admixture with carbon components to 
form erosion- resistant ramming pastes for all kinds of 
cells. Generally, lower contents of TiB 2 are required to 
improve erosion resistance alone, than to achieve both 
15 erosion resistance and surface wettability. Such pastes 
are often used to fill in the central joint and the small 
joint of cathodic linings and for filling exposed areas 
of the monolithic slope. 

20 Although titanium boride is preferred from the point of 
view of superior performance, it has the considerable 
disadvantage that it is very expensive. At present, for 
example, the cost of TiB 2 is approximately CDN$66, 180 per 
metric ton {approximately CDN$60,000 per ton). 

25 

US patent 5,158,655 to Townsend i.ssued on October 27, 
1992 has suggested that cathode structures may be coated 
with refractory metal borides from oxides of titanium and 
boron added directly to the cell electrolyte or contained 
30 in the anodes. However, tests of this proposal carried 
out by the inventors of the present invention have 
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demonstrated the difficulty of producing an acceptable 
product in this way. 

PCT patent publication WO 82/01018 which published on 
5 April 1, 1982 in the name of Great Lakes Carbon 

Corporation discloses a cathode component for a Hall 
aluminum cell that is economically produced from a 
mixture of a carbon source, a binder, titanium dioxide/ 
and a boron compound. The mixture is formed into a 
10 shape and heated at TiB 2 -f orming temperatures. 

However, the inventors of the present invention have 
found that the reaction will not go to completion at 
standard bake temperatures in a furnace under oxidizing 
conditions , and very high temperatures have to be 
15 employed. 

PCT patent publication no WO 94/21572 which published 
on September 29, 1994 in the name of Moltech Invent 
S.A. discloses a method of producing a component of an 

20 aluminum production cell made of a carbon-based 

composite material containing a refractory hard metal 
boride, carbide, oxide, nitride or combinations or 
mixtures thereof, and aluminium, titanium, silicon and 
zirconium, and alloys and compounds thereof. This is 

25 produced by first providing a reaction mixture of 
aluminium, titanium, silicon or zirconium and 
precursors which react to form the refractory hard 
metal compound, and optional fillers and additives. 
The reaction mixture is mixed with particulate carbon 

30 and a binder, compacted, dried and heated to initiate 
reaction of the reaction mixture. However, this is a 
complicated mixture to produce and requires the 
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presence of metal powder in stoichiometrics! amounts to 
drive the reaction to completion. 

There is therefore a need for a way of producing 
5 erosion- and preferably oxidation-resistant and 

optionally wettable carbon composite materials (e.g. 
useful for making bottom and side wall blocks and 
ramming pastes of electrolysis cells) that are less 
expensive than known boride-containing materials, but 
10 suitably effective for use in electrolysis cells, and 
particularly in drained cathode cells. 

DISCLOSURE OF THE INVENTION 

15 An object of the invention is to provide carbon 

composite materials, which may be fashioned as cathode 
blocks, jointing pastes, or the like, that are 
erosion/oxidation resistant and preferably wettable by 
molten aluminum when used in electrolysis cells, while 

20 being relatively inexpensive and easy to produce. 

Another object is to reduce the cost of operation of 
electrolysis cells, especially drained cathode cells, 
without sacrificing performance significantly. 

25 

Another object is to provide relatively inexpensive 
carbon composite materials that may be used to protect 
devices intended to be immersed in molten metals. 

30 The present invention is based on the unexpected 

finding that, instead of using a metal boride, e.g. 
TiB2, as a __ 
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refractory hard substance for the preparation of cathode 
materials , and the like, the metal boride can be formed 
in situ when subjected to the heat of cell start-up and 
to cell operation by providing a mixture of metal boride 
5 precursors in admixture together with a carbonaceous 
material . 

Such precursor mixtures- are generally mixtures of boron 
oxide (B 2 0 3 ) , boric acid (H 3 B0 3 ) or borax (Na 2 0.2B 2 O 3 . 10H 2 O) 

10 with one or more metal oxides. Examples of suitable 

metal oxides include, but are not necessarily limited to, 
titanium dioxide, zirconium oxide, vanadium oxide (V 2 O s 
and V 2 0 3 ) , hafnium oxide, niobium oxide, tanalum oxide, 
chromium oxide and molybdenum oxide. On reaction with 

15 boron oxide, boric acid, or borax, these metal oxides 
form the corresponding metal boride. 

The cost of such metal oxides and boron oxides < in boric 
acid form) is about one thirtieth of the cost of equal 

20 amounts of the metal borides, e.g. TiB 2 . However, since 
the metal borides are present in the cathode material 
when the cell is operated, there is substantially no 
difference in erosion/oxidation resistance and 
wettability compared to cathodes prepared from the metal 

25 boride as a starting material, or at least the 
performance is commercially acceptable . 

However, in order to make the in situ formation of the 
metal boride from the precursors proceed suitably to 
30 completion, the precursor materials must be mixed 

together before they are mixed with the other components 
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(anthracite, pitch or tar) of the cathodic materials. If 
they are mixed separately with the other materials, 
adequate metal boride formation does not take place . 

5 Thus , according to one aspect of the invention, there is 
provided a process of producing a carbon composite 
material suitable for use in preparing all or part of a 
cathode or cell lining, including side wall block, of an 
aluminum electrolysis cell, which process comprises: 

10 mixing together quantities of precursors of a metal 

boride to produce a precursor mixture, and then mixing 
said precursor mixture with at least one carbon- 
containing component to form said carbon composite 
material; wherein said precursors react together to 

15 generate said metal boride In B±tu when said material is 
exposed to start-up and operation of said cell. 

The precursor oxides used to form the precursor mixture 
are preferably finely divided. By the term n f inely 
20 divided" we mean powders having average particle sizes 
sufficiently small to allow effective reaction of the 
precursors during cell start-up to produce corresponding 
metal borides . 

25 According to another aspect of the invention, there is 
provided a carbon composite material produced by the 
above process. 

According to another aspect of the invention, there is 
30 provided a carbon composite material suitable for use in 
preparing all or part of a cathode or cell lining, 



CA 02350814 2001-05-15 



WO 00/29644 PCT/CA99/010S6 

7 

including side wall block, of an aluminum electrolysis 
cell, said material comprising finely divided quantities 
of precursors of a metal boride and at least one carbon- 
containing component; wherein said precursors react 
5 together to generate said metal boride in situ when said 
material is exposed to start-up and operation of said 
cell. 

According to yet another aspect of the invention, there 
10 is provided a carbon composite material suitable for 
immersion in molten aluminum, the material comprising 
finely divided quantities of precursors of a metal boride 
and at least one carbon- containing component to form the 
carbon composite material; wherein said precursors react 
15 together to generate said metal boride in situ when said 
material exposed to molten aluminum. 

In contrast to the CDN$66, 180 per metric ton (CDN$60,000 
per ton) mentioned above as the cost of TiB 2/ an 

20 equivalent amount of a precursor oxide mixture currently 
costs in the region of CDN$2,206 per metric ton 
(CDN$2,000 per ton) . The cost savings achievable by the 
present invention is clearly significant. When the 
invention is used to form wettable cathodes for drained 

25 cathode cells, the economic advantage obtained during the 
preparation of aluminum, compared to the use of blocks 
prepared from TiB 2 , has proven to be about CND$66 per 
metric ton of metal (CND$60 per ton of metal) . 

30 Because of the high cost of TiB 2 , it has become common 
merely to apply the material merely in the form of 
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ceramic tiles or as a coating to the exposed surfaces of 
conventional carbon blocks. The tiles, which can be up 
to 5 cm in thickness, have been attached via adhesive 
compounds, whereas the coatings (generally less than 1 cm 
5 thick) have traditionally been plasma sprayed onto the 
block surfaces. Unfortunately, differences in rates of 
thermal expansion often cause the aforementioned tiles 
and coatings to crack and separate from the underlying 
cathode material, thus reducing the effective life of the 

10 cell. It is a particular advantage of the present 

invention that, because of the reduction of cost of the 
raw materials, the composite material of the present 
invention may be used to form entire cathode blocks, thus 
prolonging the effective life of the cell significantly. 

15 Alternatively, the composite materials may be used as 
surface coatings in the same way as the conventional 
material, but at considerably lower cost. 

An advantage of the material produced according to the 
20 present invention is that it is not only more erosion- 
resistant than graphite or anthracite blocks, but also 
tends to be more oxidation resistant for side wall block, 
and thus has a longer effective life. 

25 At least in preferred forms, the composites of the 

present invention can usually achieve a contact angle 
with molten aluminum of less than about 45°, and an 
erosion/ oxidation rate of less than 5 mm/year during 
normal use in an electrolysis cell (compared to more than 

30 10 mm/year for conventional cathode material). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view, with a part cut away, of a 
conventional aluminum electrolysis cell with which the 
5 present invention may be used, and froni which the 

electrolyte, molten aluminum and anodes have been omitted 
for clarity; and 

Fig. 2 is a partial transverse cross-section of the cell 
10 of Fig. 1 on an enlarged scale showing the molten 
electrolyte and aluminum. 

BEST MODES FOR CARRYING OUT THE INVENTION 

15 The present invention encompasses at least two main kinds 
of material, i.e. jointing compounds used for filling 
gaps between elements used to form a cathode (including 
side wall blocks), and the cathode elements themselves, 
e.g. cathode blocks used to construct the cathode lining 

20 of a cell such as the one shown in Figs. 1 and 2. 

Moreover, the material may be primarily of enhanced 
erosion/oxidation resistance compared to carbon (e.g. for 
use in conventional cells that are not self -draining) or 
of both enhanced erosion/oxidation resistance and also 

25 having a surface (when baked) that is wettable with 

molten aluminum. In all of these cases, of course, the 
material is prepared by first mixing a metal oxide and 
boron oxide (or boron acid precursors, e.g. boric acid or 
borax) to form an oxide mixture, and then mixing the 

30 oxide mixture with carbonaceous components. 
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For enhanced erosion/oxidation resistance alone, a lower 
concentration of the metal boride precursors is normally 
required than if both erosion resistance and wettability 
are required. For erosion resistance alone, at least 
5 when precursors for TiB 2 and VB 2 are employed, a minimum 
of 5% by weight of the precursors (calculated as the 
metal boride) is required. To produce a v material having 
a wettable surface, a minimum concentration of about 3 0% 
by weight is required. 

10 

With regard to the metal oxide and boron oxide, it is 
preferable to start with powders of each having an 
average particle size of less than about 100 microns 
(/xm) . Large particles may be used if desired, but 
15 particles smaller than 30 /im tend to react more 

completely and more quickly since a more intimate mixture 
of the precursor oxides cam be obtained. 

The ratio in which the precursor oxides are mixed depends 
20 on the identity of the precursors, the intention being to 
convert all of the precursors into the final metal 
borides (i.e. generally stoichiometric quantities). In 
the case of Ti0 2 and B 2 0 3 (or H 3 B0 3 ) , the preferred ratio is 
40-50/50-60 by weight, respectively. The oxide 
25 precursors may be mixed together at ambient temperature 
for convenience, although any temperature may be 
employed, provided reaction between the precursors is not 
commenced prematurely. 

30 The oxide mixture is then mixed with carbonaceous 

ingredients suitable to prepare cathode components, e.g. 
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a mixture of anthracite and pitch. Usually , this mixing 
step is carried out at an elevated temperature, 
preferably about 160°C, to increase the fluidity of the 
carbonaceous components and therefore to make the mixing 
5 step possible and convenient. The mixing ratio of the 
oxide mixture to the carbonaceous ingredients, and the 
choice of those ingredients, depends on the intended end 
use of the material. Generally, however, the oxide 
mixture may be mixed with a conventional anthracite/pitch 

10 mixture in a ratio of 30-60/40-70 by weight, 

respectively- Also, to increase the kinetic of TiB 2 
formation during cell operation, it is preferable to add 
a certain amount of TiB 2 powder (e.g. 3%-10% by weight) 
preferably with particle sizes smaller than XSpim in the 

15 paste during mixing. 

As well as the oxide precursors and carbonaceous 
material, the materials of the present invention may 
contain other conventional components and ingredients, as 
20 required. The anthracite may be partially replaced by 
graphite to increase the electrical conductivity of 
composite material. 

When the material is to be used for the preparation of 
25 cathode blocks, the mixture is formed into blocks in a 
press (in which the material is vibrated as it is 
compressed) , then the blocks are pre -baked prior to being 
inserted into a cell . 

30 The exposure to cell start-up and operating temperatures 
(usually in the range of 600 - 1100°C, more usually about 
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700 - 1000°C) , causes the precursor mixture to react to 
form the corresponding metal borides. It is also 
believed that the electrolysis reaction that takes place 
in the cell aids the formation of the metal boride and 
5 helps to drive the reaction of the precursors to 

completion. In fact, the electrolysis reaction may be 
essential to cause the formation of significant 
quantities of the metal boride, at least when the boride 
is TiB 2 - 

10 

The following description relates to the use of Ti0 2 arid 
B 2 0 3 as precursors of TiB 2 . 

The TiO a and B 2 0 3 (or H 3 B0 3 ) are preferably mixed together 
15 in stoichiometrical proportions for the formation of TiB 2 . 
This means about 70 parts by weight of Ti0 2 for each part 
by weight of B 2 0 3 . Of course, the relative amounts of 
these materials may differ from the stoichiometrical 
amounts, if desired. A difference of + 30% of Ti0 2 from 
20 the stoichiometrical amount is generally acceptable 
without significant loss of performance. 

As noted, the precursor materials should preferably be in 
the form of finely divided powders so that an intimate 
25 pre-mixing can be obtained. The average particle size of 
each powder should preferably not exceed 100 microns, and 
the average particle size of the powders should most 
preferably be in the range of 10 to 30 fim. 

30 The precursor mixture of titanium boron oxides is then 
mixed with a carbonaceous material, usually anthracite 
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(with or without graphite) and a binder such as coal tar 
pitch. The ratio of precursor oxide mixture to 
carbonaceous material depends to some extent on the 
intended use of the final mixture (wettable cathode 
5 blocks, refractory joint paste, or the like), but is 
normally in the range of 40:60 parts by weight, more 
preferably 50:50 parts by weight. A certain amount of 
TiB 2 powder (e.g. 3%-10%) with particle size smaller than 
15#m in the paste during mixing, could be added to the 
10 paste during mixing to increase the kinetic of TiB 2 
formation during cell operation. 

When the final mixture is intended for the production of 
wettable cathode blocks, the mixing ratio is more 

15 preferably 50:50 parts by weight (precursor oxide 

mixture : carbonaceous material) . After thorough mixing, 
the paste is formed into blocks of a desired size and 
shape for cathode formation. The green blocks are then 
baked to a temperature in the range of 1000 to 1300°C in 

20 order to form self-supporting, dried blocks suitable for 
cathode construction. 

When the final mixture is intended as a ramming paste, 
the mixing ratio of the oxide precursor mixture to the 

25 carbonaceous material is most preferably 50:50 parts by 
weight, and the paste is ready for use directly after 
thorough mixing. The paste is usually packaged in some 
form of airtight packaging to ensure that the paste does 
not dry out and lose its plasticity unduly. The paste 

30 may be used as a joint filler between the blocks used to 
form a cathode structure or may be used to coat a 
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conventional cathode structure in whole (or, more 
usually, in part) to provide erosion resistance . The 
monolithic side slope and central joint of the cell 
lining is a particular candidate for coating with the 
5 paste of the present invention because the joints between 
cathode blocks tend to erode relatively quickly at this 
location due to electrolyte movement. The paste of the 
present invention provides an erosion-resistant coating 
that prolongs the useful life of the cell. 

10 

Whatever way the cathodic material of the present 
invention is used, eventually it is subjected to the high 
temperatures of the electrolytic cell during cell start- 
up and operation. These temperatures normally fall into 
15 the range of 700 to 1000°C. These temperatures are high 
enough under electrolysis condition to drive the 
conversion of the oxide precursors to titanium diboride 
substantially to completion, according to the following 
formula: 

20 3Ti0 2 + 3B 2 0 3 + 10A1 -> 3TiB 2 + 5Al a O a 

In the above reaction, the presence of aluminum metal is 
not required for the reaction between the precursor 
components to go to completion, but the aluminum will 
25 obviously be present in certain parts of the cell and may 
take part in the reaction as shown. The reaction should, 
however, most preferably be carried out in a reducing 
environment, such as an electrolysis bath, in which the 
precursor oxides are converted to their non-oxide form. 
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As noted above, if the oxide precursors are not mixed 
together before being added to the carbonaceous material, 
titanium boride is not formed to the required extent. 
While the reason for this is not known with precision, it 
5 is believed that, during heating, the carbon forms a 
coating on each of the oxide precursor particles, thus 
interfering with the desired reaction. 

While the materials of the present invention have been 
10 described primarily for use in the formation or 

protection of cathode linings, and side wall block, the 
materials may, in fact, be used for many other purposes 
in which there is exposure to molten metal, particularly 
aluminum, or molten electrolytes. For example, the 
15 material may be used to protect instruments that come 
into contact with molten aluminum, e.g. temperature 
sensors and probes (thermocouples) and the like, that 
have to be immersed in aluminum electrolysis cells and 
molten metal baths in general. The material may be used 
20 to form protective hollow sheaths for such instruments, 
or may be coated on metal housings or the like. 

The invention is illustrated in more detail with 
reference to the following Examples, which are provided 
25 for the purpose of illustration only. 

EXAMPLE 1: Bottom and side wall blocks 



Composition: 
30 Anthracite =31 wt% by weight 

Ti0 2 o 20 wt% 
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B 2 0 3 = 30 wt% 
Pitch = 19 wt% 



10 



Fabrication (laboratory) 

Mixing temperature: 160 °C 
Mixing time: » 6 0 min. 
Vibration time: 1 min. 

Pressure on the top of the block: » 41.3 6856 kPa 

(6 PSI) 

Lab. Block dimension: 100 mm x 100 mm x 400 mm 



The TiQ 2 and B 2 0 3 were pre-mixed and then mixed with the 
anthracite and pitch at a temperature of about 160°C for 
15 6 0 min. To this paste was added about 3-10% by weight of 
TiB 2 powder. The hot paste was transferred after mixing 
to a mould fixed on a vibrated table. The vibrated 
blocks were baked at about 1200°C for 5 hours. 



20 



EXAMPLE 2: Ramming paste 



Two formulations of a composite paste for potlining use 
were formulated as follows (percentages are by weight) : 

25 (A) Hot Potlining Paste (paste 100°C) 



30 



Anthracite = 35% by weight 
Ti0 2 = 20% 
B 2 0 3 = 30% 
Pitch = 12% 
Tar = 3% 



GA 02350814 2001-05-15 



WO 00/29644 PCT/CA99/01086 

17 

The Ti0 2 and B 2 0 3 were pre -mixed and then mixed with the 
anthracite and pitch at a temperature of 120 - 13 0°C for 
45 minutes. To this paste was added about 3-10% by 
5 weight of TiB 2 powder, and it was used in the cell at 
100°C. 

(B) Cold Potlining Paste (paste 3 0 °C) 

10 Anthracite - 31% by weight 

Ti0 2 - 20% 
B 2 0 3 = 30% 
Pitch = 12% 
Light Oil =7% 

15 

The Ti0 2 and B 2 0 3 (or H 3 B0 3 ) were pre -mixed and then mixed 
with the anthracite, pitch and light oil at a temperature 
of 25-35°C for 45 minutes. To this mixture was added 
about 3-10% by weight of TiB 2 . This paste was used in the 
20 cell at 25-30°C. 

When subjected to temperatures in the range of 700-1000°C 
during cell operation, both pastes were converted to 
solid composite materials containing TiB 2 of high abrasion 
25 resistance. 

EXAMPLE 3 

Electrolysis tests lasting about 100 hours were carried 
30 out on composite samples of carbon - TiO z -B a 0 3 . After 24 
hours of electrolysis, there was observed the formation 
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of an aluminum layer on the composite sample that was 
polarized cathodic . • During this experience, it was 
observed that the kinetic of TiB 2 formation on the surface 
of the carbon sample increased by using a small quantity 
5 of TiB 2 in the sample before, forming and baking. 

Electrolysis condition: 

A1 2 0 3 = 6% by weight 
10 AlF 3 = 6% by weight 

CaF 2 = 6% by weight 
Ratio (AlF 3 /NaF) =1.25 
ACD = 3cm 

Bath temperature » 970°C 
15 Cathode current density 1 amp/cm 2 . 
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WHAT WE CLAIM IS: 

1. A process of producing a carbon composite material 
that in use in a cathode or cell lining of an aluminum 

5 electrolysis cell contains a metal boride, in which a 

metal boride component is introduced into a carbonaceous 
component to form a carbon composite material, 
characterized in that the metal boride component is 
introduced into the carbonaceous component by admixture 
10 in the form of a metal boride precursor mixture, the 
metal boride precursor mixture containing metal boride 
precursors that generate metal boride when exposed in the 
carbonaceous component to start-up and operation 
conditions of an aluminum electrolysis cell. 

15 

2. A process according to claim 1, characterized by 
adding a minor amount of the metal boride to said carbon 
composite material. 

20 3. A process according to claim 2, characterized in 
that said minor amount is in the range of 3 to 10% by 
weight of said carbon composite material. 

4. A process according to claim 1, 2 or 3 characterized 
25 in that one of said precursors used to form said 

precursor mixture is selected from boron oxide, boric 
acid and borax, and another is an oxide of a metal 
selected from titanium, zirconium, vanadium, hafnium, 
niobium, tanalum, chromium and molybdenum. 

30 

5. A process according to claim 1, 2 or 3 characterized 
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in that one of said precursors used to form said 
precursor mixture is selected from B 2 0 3 and boric acid, 
and another is Ti0 2 . 

5 6. A process according to claim 1, 2 or 3 characterized 
in that one of said precursors used to form said 
precursor mixture is selected from B 2 0 3 and boric acid, 
and another is selected • from V 2 0 s and V 2 0 3 . 

10 7. A process according to any one of claims claim 1 to 
6, characterized in that said precursor mixture is mixed 
with said at least one carbonaceous component in an 
amount that generates said metal boride in an quantity- 
forming at least 5% by weight of said carbon composite 

15 material after exposure to said cell start-up and 
operation. 

8. A process according to any one of claims 1 to 7/ 
characterized in that said precursor mixture is mixed 

20 with said at least one carbonaceous component in an 

amount that generates a quantity of said metal boride, 
after exposure to said cell start-up and operation 
conditions, making surfaces of said material wettable by 
molten aluminum, 

25 

9. A process according to claim 8, characterized in 
that said quantity is at least about 3 0% by weight of 
said carbon composite material „ 

30 10. A process according to any one of claims 1 to 4 , 
characterized in that said at least one carbonaceous 
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component is a mixture of anthracite and pitch. 

11. A process according to any one of claims 1 to 10, 
characterized in that said precursors are in the form 
of powders having an average particle size of less than 
100 jam. 



12. A process according to any one of claims 1 to 11 
characterized by compressing the material to form a 



13. A process according to claim 12, characterized in 
that the block is pre-baked at a temperature in the 
range of 1000-1300°C. 

14. A carbon composite material suitable for use in 
preparing all or part of a cathode or cell lining of an 
aluminum electrolysis cell, said material having been 
produced by a process according to any one of claims 1 
to 12. 

15. A carbon composite material suitable for use in 
preparing all or part of a ^cathode or cell lining, 
including a side wall block, of an aluminum 
electrolysis cell, said material comprising a metal 
boride component and at least one carbon-containing 
component; characterized in that said metal boride 
component comprises metal boride precursors that react 
together to generate said metal boride in situ when 
said carbon composite material is exposed to start-up 
and operation conditions of an aluminum electrolysis 




block, and pre-baking the block. 



cell . 
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16. A material according to claim 15, further 
containing a minor amount of said metal boride. 

17. A material according to claim 16, characterized in 
that said minor amount is in the range of 3 to 10% by 
weight of said carbon composite material. 

18. A material according to claim 15, 16 or 17 
characterized in that one of said precursors is 
selected from the group consisting of boron oxide, 
boric acid and borax, and another is an oxide of a 
metal selected from the group consisting of titanium, 
zirconium, vanadium, hafnium, niobium, tanalum, 
chromium and molybdenum. 

19. A material according to claim 15, 16 or 17 
characterized in that one of said precursors is 
selected from the group consisting of B2O3 and boric 
acid, and another is Ti0 2 . 

20. A material according to claim 15,16 of 17 
characterized in that one of said precursors is 
selected from the group consisting of B2O3 and boric 
acid, and another is selected from the group consisting 
of V 2 0 5 and V 2 0 3 . 

21. A material according to any one of claims 15 to 
20, characterized in that said precursors are present 
in an amount that generates said metal boride in an 
quantity forming at least 5% by weight of said material 
after exposure to electrolysis cell start-up and 
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operation. 

22. A material according to any one of claims 15 to 
20, characterized in that said precursors are present 
in an amount that generates a quantity of said metal 
boride making surfaces of said material, after exposure 
to electrolysis cell start-up and operation, wettable 
by molten aluminum. 

23. A material according to claim 22, characterized in 
that said quantity is at least about 30% by weight of 
said material. 

24 . A material according to any one of claims 15 to 

23, characterized in that said at least one carbon- 
containing component is a mixture of anthracite and 
pitch. 

25. A material according to any one of claims 15 to 

24, wherein said precursors are in the form of powders 
having an average particle size of less than 100 pm. 

26. A material according .t;o any one of claims 15 to 

25, in the form of a pre-baked cell lining block. 

27. A carbon composite material suitable for immersion 
in molten aluminum, said material comprising finely 
divided quantities of precursors of a metal boride and 
at least one carbon-containing component to form said 
carbon composite material; characterized in that said 
precursors react together to generate said metal boride 
in situ when said material exposed to molten aluminum. 
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FIG. 2 
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